Cycloaddition reactions of 2,5-di-tert-butylthiophene S-oxide and 2,3,4,5-tetrakis(ptolyl)thiophene S-oxide with alkenes are described. The reactivity of 2,5-di-tert-butylthiophene S-oxide as diene in Diels Alder reactions is compared with 2,5-di-tert-butylthiophene S,S-dioxide. 
INTRODUCTION
Easy synthetic access to arenes with neighboring sterically exacting substituents is still of great interest.
1 One preparative route to arenes is via [4+2]-cycloaddition and subsequent oxidative aromatization. 2 For a more facile approach to substituted arenes via [4+2]-cycloaddition, it is advisable to introduce at least two double bonds into the constructed ring system during the cycloaddition. This can be achieved by the right selection of the dienophile in form of an acetylene, 2,3 an allene 4 or an aryne 5 in case of an areno-annelation reaction.
Alternatively, the additional unsaturation can be introduced by choosing a cyclic dienophile, which would lead to a bicyclic system with a bridged 6-membered carbocycle, where the bridge would be extruded or opened in a subsequent reaction step, which simultaneously introduces the additional unsaturation into the carbocycle. Use of a cyclic diene has the advantage of a lockedin cisoid diene system, ideal for the cycloaddition. Typical examples of such cyclic dienes that lead to bicyclic cycloadducts with an extrusable bridge are pyrones, 6 cyclopentadienones, 7 furans 8 and thiophenes 9 and their derivatives. While furans, especially those with electrondonating substituents, are passable dienes for Diels-Alder type cycloadditions, thiophenes are not, where in fact only a handful of specifically substituted thiophenes 9 have been used successfully.
Thiophenes, however, can be oxidized to thiophene oxides, and these are classical cyclic dienes.
Thiophene S,S-dioxides 10 have been used as diene components in cycloaddition reactions for some time, while the preparation of thiophene S-oxides and their use as substrates in cycloaddition reactions have been studied more recently. 11, 12 For the most part, thiophene S,Sdioxides are thermally and photochemically 13 much more stable than thiophene S-oxides. On the other hand, as dienes in Diels Alder type reactions, thiophene S-oxides have been found with a subsequent SO-extrusion reaction is to be seen as an additional route to oligo-substituted arenes with bulky neighboring groups.
RESULTS AND DISCUSSION
First was tested the reactivity of alkenes towards tetrakis(p-tolyl)thiophene S-oxide (1a), which was synthesized via reaction of thionyl chloride with tetrakis(ptolyl)zirconacyclopentadiene, produced from bis(cyclopentadienyl)zirconium(IV) dichloride and bis(p-tolyl)acetylene, following an analogous procedure. 4, 9, 14 It must be noted that the cycloaddition of tetraarylthiophene S-oxides with alkynes has been studied previously, 4, 15 16 which was subsequently converted with an ethereal solution of diazomethane to diester 3d, which was also produced directly in a cycloaddition of 1a with dimethyl maleate (2c) (Scheme 1).
In all cycloaddition reactions above, the products were formed as one stereoisomer, only.
This stereoselectivity has been remarked upon previously in analogous reactions, where the stereochemistry of the cycloadducts could be determined by single crystal X-ray structure analysis. 17 The reactions show endo-selectivity, indicating kinetic control of the product, with the lone electron pair on sulfur of the sulfoxy-bridge lying on the side of the newly formed double bond of the product. The stereoselectivity at sulfur is governed by the Cieplak effect.
18
Experimental observations in Diels-Alder reactions of dienophiles with 5-substituted cyclopentadienes have shown that the dienophiles will approach anti to the antiperiplanar -bond that is the better donor at the 5-position of the cyclopentadiene. The lone-pair electron orbital on sulfur stabilizes the vacant *-orbital of the developing incipient -bonds better than the lonepair electron orbitals of the oxygen of the sulfoxy moiety. Some years ago, the authors studied the SO-photo-extrusion at room temperature of two 7-thiabicyclo[2.2.1]hept-5-ene S-oxides, namely the products stemming formally from the cycloaddition of 2,5-dimethylthiophene S-oxide and of 2,3,4,5-tetramethylthiophene S-oxide with N-phenylmaleimide. 27 In both cases the SO bridge could be extruded photochemically to
give methyl substituted N-phenylphthalimides as the aromatized products. 27 In the following, it was investigated whether this SO-photo-extrusion, which finds its counter-part in the photoextusion of the CO bridge in cycloadducts of tetraarylcyclopentadienones and alkenes, 29 can be carried out with the cycloadducts prepared above. The cycloadducts were photo-irradiated in CD 2 Cl 2 at  > 222 nm without use of sensitizer. The reactions were screened for the aromatized compounds as the desired products. However no identification of potential minor side-products was carried out. min. Once the two were well separated, the zone containing the starting material was photoirradiated again (3 × 20 min.), where the product zone was protected from the irradiation by a cover of aluminum foil. The process was repeated one more time to give a total irradiation time of 3 h. Overall, the photo-irradiation gave phthalimide 9a with 55% yield. Scheme 7 shows further examples of SO-photo-extrusion with 7-thiabicyclo[2.2.1]hept-5-ene S-oxide substrates 3 leading to the aromatized products 9.
CONCLUSIONS
Both 2,5-di-tert-butylthiophene S-oxide (1c) and 2,3,4,5-tetrakis(p-tolyl)thiophene S-oxide (1a) undergo cycloaddition reactions with mono-and bis-acceptor substituted alkenes furnishing highly substituted 7-thiabicyclo[2.2.1]hept-5-ene S-oxides 3 and 5 with acceptable yields. The reactivity difference between 2,5-di-tert-butylthiophene S-oxide (1c) and 2,5-di-tert- 34 and 2,5-di-tert-butylthiophene S-oxide (1c) 4 were prepared analogous to known procedures.
Tetrakis(p-tolyl)thiophene S-oxide (1a).
In an inert atmosphere, n-BuLi (1.59 M, 21.5 mL, 3.32 mmol) was added to a slurry of zirconocene dichloride (5.0 g, 17.1 mmol) and bis(p-tolyl)acetylene (7. 127.9, 128.9, 129.3, 129.6, 129.7, 130.6, 137.8, 138.4, 140.8, 145. 
N-(p-Chlorophenyl)-1,4-di-tert-butyl-7-thiabicyclo[2.2.1]hept-5-ene-2,3-dicarboxamide S-oxide (5a).
A 
N-(p-Chlorophenyl)-3,6-di-tert-butylphthalimide (7a).
Method (30.6 mg, 69%) and N-(p-chlorophenyl)-3,6-bis(tert-butyl)-1,2-dihydrophthalimide (8a) (2.4 mg, 5%).
N-Phenyl-3,4,5,6-tetrakis(p-tolyl)phthalimide (9a).
Method A: N-Phenyl-1, 4,5,6-tetrakis(p-tolyl)-7-thiabicyclo Method B: 3a (19.7 mg, 0.031 mmol) was dissolved in CHCl 3 (2 mL) and applied to a preparative TLC plate (20 × 20 cm, silica gel 60 F 254 was protected from the irradiation by a cover of aluminum foil. The process was repeated once more to give a total irradiation time of 3 h. Thereafter, the remaining starting material was separated from the zones of product formed in the three photo-irradiation processes. The product containing silica gel was taken off the plate and transferred to a short column fitted with a cotton pad. The substance was eluted off the column with ether. The column was washed once with CHCl 3 . The eluted fractions were concentrated in vacuo to give 9a (10 mg, 55%). Method B: A solution of 3e (16.6 mg, 3.1 × 10 5 mol) in CD 2 Cl 2 (0.5 mL) was photo-irradiated with a 1 kW Tokyo Rigaku high-pressure mercury lamp, with the reaction system cooled at rt.
2,3,4,5-Tetrakis(p-tolyl)acetophenone (9b)
The mixture was analyzed by 1 H NMR spectroscopy after 30 min., 2.5 h and 4 h, after which the photo-irradiation was stopped. The mixture was subjected to column chromatography on silica gel (hexane/ether 1:1) to give 9b (9.8 mg, 65%). 
